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LIQUID CRYSTAL DISPLAY DEVICE WITH 
MASKED IMAGES 

BACKGROUND OF THE INVENTION 

This invention relates to a cholesteric liquid crystal dis 
play device, and, more particularly, to a cholesteric liquid 
crystal display device employing an internal mask and back 
opaque layer to provide higher quality images. 
A typical cholesteric liquid crystal display device com 

prises a cholesteric liquid crystal material disposed betWeen 
tWo transparent plates. The inner surface of each plate is 
coated With a transparent, conductive ?lm Which serves as 
an electrode. In response to an electric ?eld applied betWeen 
the electrodes, the cholesteric liquid crystal sWitches 
betWeen a transparent state and a re?ective state. Typically, 
the electrodes are patterned such that the portions of the 
cholesteric liquid crystal they activate electrically Will form 
an image. 

The liquid crystal immediately adjacent to the activated 
liquid crystal may also become activated, resulting in a 
“bleeding” of the image into the area surrounding the 
desired image. This results in a fuZZier, loWer-quality image. 
In addition, once cholesteric liquid crystal material is 
activated, it remains activated. While this provides a bene?t 
over other liquid crystals in that there is no need to repeat 
edly redraW the image, this characteristic of cholesteric 
liquid crystals may also negatively effect image quality. 
Because cholesteric liquid crystals can be activated by 
temperature and ?eXion stresses, not just electrically, areas 
of the display may be activated Which Were not intended to 
be activated. Once activated, the unWanted display areas 
cannot be readily deactivated. This results in unnecessary 
image elements in the display and loWer quality display 
images. 

Thus, there eXists a need for a cholesteric liquid crystal 
display device that forms a predetermined image having 
improved image quality and contrast, and Without image 
detraction due to activation of unWanted regions. 

SUMMARY OF THE INVENTION 

The present invention provides an improved cholesteric 
liquid crystal display device that includes an internal mask 
and a back opaque layer for the purpose of de?ning a display 
image Which improves quality of the display While hiding 
from vieW any undesired activated regions Which Would 
otherWise adversely affect the quality of the display. 

This invention generally includes an internal mask mate 
rial disposed on the interior surface of the front panel of a 
liquid crystal device such that openings eXist in the material 
through Which light can be transmitted and Which form the 
shape of a display image. When the cholesteric liquid crystal 
is electrically sWitched to the re?ecting state, light entering 
the display device is re?ected back to the vieWer in a color 
determined by the composition of the cholesteric liquid 
crystal, including any chiral dopant Which might be added to 
affect the pitch or color of the cholesteric liquid crystal 
material. In the preferred embodiment, the color re?ected by 
the cholesteric liquid crystal contrasts With both the internal 
mask and the back opaque layer. As such, When the choles 
teric liquid crystal is in the re?ective mode, a display image 
is seen as de?ned by the light re?ected back from the 
cholesteric liquid crystal through the openings in the internal 
mask. Furthermore, the front mask hides from vieW any 
portions of the liquid crystal material Which have become 
unintentionally activated through “bleeding,” or by ?eXion, 
temperature or other unintended stressors, Which Would 
otherWise impair the quality of the display. 
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2 
When portions of the cholesteric liquid crystal are elec 

trically sWitched to the transparent state, the back opaque 
layer is visible through those portions. In the preferred 
embodiment, the back opaque layer is matched in color to 
the internal mask. As such, When the cholesteric liquid 
crystal is in the transparent state, the re?ection of light from 
the opaque layer through the opening in the internal mask 
Will appear as the same color as the internal mask and thus 
no display image Will be seen. 

According to one embodiment of this invention, the 
display image can be de?ned by the shape of the opening in 
the mask material rather than by the pattern of the elec 
trodes. As such, an image can be formed by activation of a 
single, larger piXel seen through the shaped mask rather than 
using an array of smaller piXels activated in the shape of the 
desired image, Which also results in higher-quality images. 

BRIEF DESCRIPTION OF THE DRAWINGS 

There noW folloWs a more detailed description of the 
invention With the aid of the folloWing accompanying ?g 
ures. 

FIG. 1 is a cross-sectional vieW of a cholesteric display 
device With an internal mask and back absorbing layer, in 
accordance With a preferred embodiment of the present 
invention. 

FIG. 2 is a plan vieW of the cholesteric liquid crystal 
display device in FIG. 1, With the device in the re?ective 
state. 

FIG. 3 is a plan vieW of the cholesteric liquid crystal 
display of FIG. 1, With the device in the transparent state. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

In accordance With a preferred embodiment of the 
invention, FIG. 1 shoWs a cholesteric liquid crystal display 
device 10 adapted for illumination by ambient light for 
producing image 40, shoWn generally in FIG. 2, but Which 
can take any shape that is desired. Device 10 comprises front 
plate 16 and back plate 20 spaced apart by a gap that 
contains cholesteric liquid crystal material 24. 

Front plate 16 is formed of a transparent panel, and 
provides a substantially planar front surface 32 and region 
38 for forming a display through Which the display image is 
vieWed by observer 26. Front plate 16 is preferably glass of 
suf?cient thickness to provide stability to device 10, though 
it could alternately be formed of transparent plastic or a 
material of suitable strength and transparency. 

Front plate 16 comprises front conductive layer 18 dis 
posed on front inner surface 28 of front plate 16. Front 
conductive ?lm 18 provides a medium through Which an 
electrical charge may be passed to activate cholesteric liquid 
crystal material 24. Front conductive ?lm 18 is preferably a 
transparent, electrically conductive material such as indium 
tin oxide, and is applied at a thickness suf?cient to promote 
conduction While still thin enough to maintain transparency. 
In an alternate embodiment, the conductive material is 
antimony tin oXide or a material similarly suited to provide 
conductivity at thicknesses thin enough to be transparent. 
Conductive ?lm 18 is preferably applied to front plate 16 in 
a uniform layer that substantially covers front plate 16 
Within region 38, but it may alternately be applied in strips 
or other patterns Within region 38 suitable for forming 
desired images vieWable by observer 26. 

Device 10 further includes back plate 20. Back conduc 
tive ?lm 22 is disposed on inner surface 30 of back plate 20. 
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Back conductive ?lm 22 provides a medium through Which 
an electrical charge may be passed to activate cholesteric 
liquid crystal material 24. Back conductive ?lm 22 is 
preferably a transparent, electrically conductive material 
such as indium tin oxide and is applied at a thickness 
sufficient to promote conduction While still thin enough to 
maintain transparency. In an alternate embodiment, the 
conductive material is antimony tin oxide or a material 
similarly suited to provide conductivity at thicknesses thin 
enough to be transparent. By Way of example, in this 
embodiment, conductive ?lm 22 is preferably applied to 
back plate 16 as a continuous layer, but it may alternately be 
applied in strips or patterns as suitable for forming desired 
images vieWable by observer 26. 

In a preferred embodiment, back plate 20 is transparent, 
and opaque layer 14 is printed on outer surface 34 of back 
plate 20 to absorb light transmitted through device 10. 
Alternately, opaque layer 14 could be applied by spin 
coating, spraying or like method or applied as a discrete ?lm 
adhesively bonded to back plate 20. In an alternate 
embodiment, opaque layer 14 is located on inner surface 30 
of back plate 20 or on back conductive ?lm 22 adjacent to 
cholesteric liquid crystal 24. In the preferred embodiment, 
opaque layer 14 is applied as a separate layer to facilitate 
matching the color of opaque layer 14 and internal mask 12 
and for ease in processing. Alternately, back plate 20 could 
itself be suf?ciently opaque to absorb light transmitted 
through device 10 With no additional opaque layer 14 
present. 

Device 10 further includes cholesteric liquid crystal mate 
rial 24 disposed in the gap betWeen front plate 16 and back 
plate 20. In the preferred embodiment, cholesteric liquid 
crystal material 24 re?ects light in the visible spectrum. 
Cholesteric liquid crystal material 24 can be electrically 
activated to move betWeen a transparent state and a re?ec 
tive state by applying a charge to front conductive ?lm 18 
and a charge of opposite polarity to back conductive ?lm 22. 
An electric ?eld Will be formed in the gap betWeen front 
conductive ?lm 18 and back conductive ?lm 22 Which Will 
alter the orientation of cholesteric liquid crystal material 24 
to sWitch it betWeen the transparent and re?ective states. In 
the preferred embodiment, it is recogniZed that the entire 
portion of cholesteric liquid crystal 24 activated by the 
electric ?eld Will sWitch states. HoWever, internal mask 12 
Will hide from vieW any cholesteric liquid crystal 24 in the 
re?ective state Which is not part of the image intended to be 
observed. 
When device 10 is in the transparent state, as light enters 

device 10 through front plate 16, it passes through choles 
teric liquid crystal material 24 Which is in its transparent 
state, and is at least partially absorbed by layer 14. When 
device 10 is in the re?ective state, as light enters device 10 
through front plate 16, it is separated into tWo components, 
a right circularly polariZed component and a left circularly 
polariZed component. One component is re?ected back to 
observer 26 by cholesteric liquid crystal 24 in the re?ective 
state. The other component is, in the preferred embodiment, 
absorbed by back opaque layer 14. When vieWed, desired 
display image 40 Will be seen as the color of the light 
re?ected through front plate 16 from the activated portions 
of cholesteric liquid crystal material 24. In an alternate 
embodiment, back opaque layer 14 is pigmented to re?ect 
light of a desired color. As light enters the device, one 
component of light is re?ected by cholesteric liquid crystal 
material 24 back to observer and the second component is 
re?ected by back opaque layer 14 such that the tWo com 
ponents are vieWed by observer 26 as a desired color. As 
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4 
such, When vieWed, desired display image 40 Will be seen as 
the color of the combined light re?ected through front plate 
16 from the activated portions of cholesteric liquid crystal 
material 24 and the light re?ected by opaque layer 14. 

In accordance With this invention, device 10 further 
includes internal mask 12. Internal mask 12 is formed of an 
opaque dielectric material, preferably a polymeric ?lm. 
Internal mask 12 de?nes an opening 36 or openings in mask 
12 in the siZe and shape of display image 40, as shoWn by 
example in FIG. 2. Internal mask 12 spans display region 38 
exclusive of opening 36 or openings Which de?ne display 
image 40 and thus prevents observer 26 from vieWing any 
cholesteric liquid crystal material 24 Which has become 
active through bleeding or through temperature, ?exion or 
other stresses rather than as a result of activation by the 
electric ?eld applied betWeen front conductive ?lm 18 and 
back conductive ?lm 22. 

In a preferred embodiment, internal mask 12 is formed of 
a pigmented, polymeric coating of the type knoWn as 
positive photoresist and containing an agent to selectively 
control curing of the coating in desired regions. Said coating 
is applied in liquid form to front electrode 18 by printing. 
Alternatively, said coating may be applied by spin coating, 
spraying or like method. Selected regions of the coating are 
irradiated to activate an agent Which inhibits curing of the 
selected regions. Thereafter, the coating is developed to cure 
the unirradiated regions and to remove the uncured material, 
forming opening 36 Which de?nes the shape of display 
image 40. In an alternate embodiment, internal mask 12 is 
formed by applying negative photoresist to front electrode 
18, Wherein the irradiated regions are cured and the unirra 
diated regions are removed to form opening 36. In another 
embodiment, internal mask 12 is formed by disposing a clear 
layer on inner surface 28 of front plate 16 and infusing the 
clear layer With a pigment such that the areas devoid of 
pigment form the desired display image. In this instance, 
opening 36 in mask 12 is a clear ?lm of the same thickness 
as the surrounding pigmented ?lm, providing a layer of 
consistent thickness. Internal mask 12 is preferably applied 
in a thickness of 0.1” to 0.5”, so that the pitch of cholesteric 
liquid crystal 26, and thus the color re?ected by cholesteric 
liquid crystal 26, is not noticeably affected by any difference 
in gap Width Which may exist betWeen the areas of device 10 
coated With internal mask 12 and those areas Which are not 
so coated. 

Internal mask 12 is preferably disposed betWeen front 
conductive ?lm 18 and cholesteric liquid crystal 24, but 
could alternatively be disposed betWeen front plate 16 and 
front conductive ?lm 18. Internal mask 12 is preferably 
matched in color to back opaque layer 14 to create a uniform 
color appearance in the absence of a display. In an alterna 
tive embodiment, internal mask 12 is matched in color With 
the light re?ected by cholesteric liquid crystal material 24 
While in the re?ective state. In another alternative, internal 
mask 12 is not matched in color With either cholesteric liquid 
crystal 24 or back opaque layer 14. 
By Way of example, in the preferred embodiment, internal 

mask 12 and back opaque layer 14 are preferably pigmented 
black and cholesteric liquid crystal 24 may be of any desired 
color. When cholesteric liquid crystal material 24 is in the 
re?ective state, one component of light is re?ected by 
cholesteric liquid crystal material 24 and is seen by observer 
24 as a bright image of the color re?ected by cholesteric 
liquid crystal material 24 against a black background. The 
second component of light is absorbed by black back opaque 
layer 14. When cholesteric liquid crystal 24 is in the 
transparent state, the black color of back opaque layer 14 
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Will be seen and Will match the black color of internal mask 
12 such that a solid expanse of black Will be seen by 
observer 26 and no image Will be observed. Similarly, 
internal mask 12 and back opaque layer 14 could be pig 
mented blue, With cholesteric liquid crystal material 24 
having a pitch suf?cient to re?ect yelloW light. In the 
re?ective state, one component of light is re?ected by 
cholesteric liquid crystal material 24, in this eXample as 
yelloW. Back opaque layer 14 Will absorb all Wavelengths of 
light eXcept blue, Which is also re?ected back to observer 26. 
The re?ected yelloW and re?ected blue Wavelengths Will be 
seen by observer 26 as the color White against the blue 
background of internal mask 12. When cholesteric liquid 
crystal 24 is in the transparent state, the blue color of back 
opaque layer 14 Will be seen and Will match the blue color 
of internal mask 12 such that a solid eXpanse of blue Will be 
seen by observer 26 and no image Will be observed. 

In an alternate embodiment, internal mask 12 is pig 
mented White, cholesteric liquid crystal 24 has a pitch 
sufficient to re?ect yelloW light and back opaque layer 14 is 
pigmented blue. In the re?ective state, one component of the 
light Will re?ect off cholesteric liquid crystal 24, in this 
eXample as yelloW. Back opaque layer 14 Will absorb all 
Wavelengths of light eXcept blue, Which is re?ected back to 
observer 26. The re?ected yelloW and re?ected blue Wave 
lengths Will be seen by observer 26 as the color White, Which 
Will match White internal mask 12 to form a White, image 
free display. In the transparent state, blue back opaque mask 
14 Will seen by observer 26, resulting in a blue image against 
the White background of internal mask 12. In further 
embodiments, internal mask 12, cholesteric liquid crystal 24 
and back opaque layer 14 may contain differing pigments to 
provide other color combinations to be seen by observer 26. 

During operation, referring by Way of eXample to FIG. 2, 
to form a display, an electric ?eld applied betWeen front 
conductive ?lm 18 and back conductive ?lm 22 sWitches 
cholesteric liquid crystal 24 to its re?ective state. Ambient 
light illuminating front surface 32 is mainly absorbed by 
internal mask 12. At opening 36, ambient light is re?ected by 
cholesteric liquid crystal material 24, creating a bright 
appearance in contrast to surrounding internal mask 12. In 
the preferred embodiment, the color of internal mask 12 
contrasts With the color of light re?ected by cholesteric 
liquid crystal 24 While in the re?ective state. As such, When 
device 10 is in the display mode, observer 26 Will see display 
image 40 as de?ned by light re?ecting back through opening 
36 in internal mask 12. Any areas of cholesteric liquid 
crystal material 26 surrounding image 40 Which have been 
activated by conductive ?lm present in areas masked by 
internal mask 12 or Which have become activated due to 
“bleeding” Will be blocked by internal mask 12 and Will not 
be visible. Similarly, any areas of the display Which have 
become activated by temperature, ?eXion or other stresses 
Will be masked by internal mask 12 and Will not be visible 
to observer 26. 

In the preferred embodiment, to erase the display, refer 
ring to FIG. 3, an electric ?eld applied betWeen front 
conductive ?lm 18 and back conductive ?lm 22 sWitches 
cholesteric liquid crystal material 24 to its transparent state. 
As in the display mode, light Which illuminates internal 
mask 12 is mainly absorbed eXcept if desired for a re?ected 
color. As light enters opening 36 through front plate 16, 
because cholesteric liquid crystal material 24 is transparent, 
light is transmitted through front ?lm 18, cholesteric liquid 
crystal 24, back ?lm 22 and back plate 20 and is mainly 
absorbed by opaque layer 14, eXcept to the eXtent opaque 
layer 14 has been tinted to re?ect a desired color. As such, 
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observer 26 Will see back opaque layer 14 through opening 
36 in internal mask 12 Which de?ne display image 40. In the 
preferred embodiment, back opaque layer 14 is color 
matched to internal mask 12. When observer 26 vieWs 
device 10 in this mode, display image 40 Will be seen as the 
same color as internal mask 12 and thus no image Will be 
seen. 

Thus, this invention provides a cholesteric liquid crystal 
device that forms a display With enhanced quality. The 
opaque layer and internal mask are easy to apply, add little 
to the thickness of the display panel and require minimal 
additional process steps and cost. In the transparent mode, 
the invention provides an image-free display of any desired 
color Which is uniform in color and can be color coordinated 
to other parts of the display. In the re?ective mode, the 
invention produces a very bright, high contrast image 
readily detectable to the human eye. The display area is 
clean and blemish-free, With an image easily con?ned to the 
desired region. 
We claim: 
1. A liquid crystal display device comprising: 
(a) a transparent front plate comprising an inner surface, 

an outer surface, and a front conductive ?lm; 
(b) a back conductive ?lm spaced apart from said front 

conductive ?lm by a gap; 
(c) a cholesteric liquid crystal material Within the gap that 

is responsive to an electric ?eld applied across the front 
conductive ?lm and said back conductive to sWitch 
betWeen a transparent state and a re?ective state; 

(d) an opaque mask overlying said front conductive ?lm 
and de?ning an opening for transmitting light through 
the device; and 

(e) an opaque layer disposed to intercept light transmitted 
through the cholesteric layer in the transparent mode. 

2. The device as described in claim 1, Wherein said device 
further comprises a back plate having an inner surface and 
an outer surface, and said back conductive ?lm uniformly 
coats the inner surface of the back plate and the front 
conductive ?lm uniformly coats the inner surface of the 
transparent front plate. 

3. The device as described in claim 1, Wherein said 
opaque mask has a desired color and said opaque layer and 
said cholesteric liquid crystal material cooperate produce a 
substantially indistinguishable color. 

4. The device as described in claim 1, Wherein said 
opaque mask and said opaque layer are black. 

5. The device as described in claim 1, Wherein said 
opaque mask is a pigmented, polymeric coating. 

6. The device as described in claim 5, Wherein said 
opaque mask is composed of a positive photoresist layer 
Which has been selectively cured such that the opening is 
free of photoresist material to expose the front conductive 
?lm. 

7. The device as described in claim 1, Wherein said 
opaque mask is formed of a uniform, transparent polymeric 
?lm that uniformly coats the front conductive ?lm and 
contains pigmentation in areas about the opening and is 
substantially free of pigmentation at the opening. 

8. The device as described in claim 1, Wherein said 
opaque layer is a pigmented, polymeric coating. 

9. The device as described in claim 8, Wherein the device 
further comprises a back plate having an inner surface and 
an outer surface and the opaque layer is uniformly applied 
across the outer surface of said back plate. 

10. A liquid crystal display device comprising: 
(a) a transparent front plate having a region for forming a 

display and comprising an inner surface, an outer 
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surface and a front conductive ?lm uniformly coating 
the inner surface at the region; 

(b) a back plate space apart from the transparent front 
plate and comprising a back inner surface, back outer 
surface, back conductive ?lm disposed on the back 
inner surface at the region; 

(c) a cholesteric liquid crystal material Within the gap that 
is responsive to an electric ?eld applied across the front 
conductive ?lm and said back conductive ?lm to sWitch 
betWeen a transparent state and a re?ective state; 

(d) an opaque mask material overlying the front conduc 
tive ?lm at the region and formed of a pigmented, 
photoresist layer having a desired color, said mask 
de?ning an opening for admitting light to said choles 
teric liquid crystal material; 

(e) an opaque layer disposed on the back outer surface to 
intercept light transmitted through the cholesteric layer 
in the transparent mode and containing pigmentation 
that cooperates With the cholesteric liquid crystal mate 
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rial in one of said transparent state or said re?ective 
state to provide a color substantially indistinguishable 
from the desired color. 

11. The device as described in claim 10, Wherein the 
opaque layer and the opaque mask are a substantially 
indistinguishable color. 

12. The device as described in claim 10, Wherein the 
opaque layer and the opaque mask are black. 

13. The device as described in claim 10, Wherein said 
device forms a display Wherein the cholesteric liquid crystal 
material is in the re?ective state and the opaque layer 
cooperates With the cholesteric liquid crystal material to 
produce the desired color. 

14. The device as described in claim 10, Wherein said 
device forms a display Wherein the cholesteric liquid crystal 
material is in the transparent state and the opaque layer is 
pigmented to produce the desired color. 

* * * * * 


